The Nuclear Quadrupole Resonance Spectra (NQRS) Database contains all the numerical data of resonance frequencies that have been published since 1950, the year NQR was discovered, through the end of 1989. The total number of records compiled is 10,155 as of May, 1991. One record usually covers data of a particular polymorphic modification of a crystalline substance. About 3/4 of all the records deal with organic or organometallic substances. Recent changes in the data content and format, development of online and stand-alone search software, statistics of the database, and updating problems are described. A personal computer version of the database with load/search software was prepared and is described in the Appendix.
I. Introduction
The database of nuclear quadrupole resonance spectral data which have been published in numerical form now contains 10,155 records. Building of the database began in 1980 by a team of Japanese scientists which was organized by the Japan Association for International Chemical Information (JAICI) to form the NQRS Data Committee with moral support of the International Symposium on Nuclear Quadrupole Resonance Spectroscopy (ISNQRS) 1 . Many researchers in the world helped the Committee by sending reprints and preprints of their research papers for inclusion in the database.
There have been some changes in the content of the database as techniques of data input advanced. The quantity of data increased to the extent that the database is almost up to date. Services include online, interactive search, dissemination in the form of magnetic tape and diskettes, and software for using the database on a personal computer. This paper describes such developments that occurred during the past decade.
II. New Data Structure
The database is a collection of logical records. One logical record in the case of the NQRS database consists of data related to a specific chemical substance. Since NQRS is sensitive to the state of aggregation of chemical species, different polymorphic forms usually make separate entries and therefore separate logical records unless there is a phase transition temperature between the forms.
The kinds of data contained in a record are typically the following:
Chemical Abstracts Service (CAS) Registry Number
The number of known chemical substances exceeded 10 million in 1990, and as a result the CAS Registry Number now takes 11 characters, e.g. 113780-43-1. The structure of the record was changed accordingly.
Molecular Formula
Molecular formula (field FORM) was expressed by capital letters only, e.g. C5CL15HG1 but a new data element (a field of the database), MOLF, has been created to include formulas using lower-case letters, C5C115Hg. This is easier to read when printed with 0932-0784 / 92 / 0100-0446 $ 01.30/0. -Please order a reprint rather than making your own copy. numbers as subscripts. However, the previous format is also useful in sorting the substances according to the formula and therefore the FORM field is retained for the purpose of database management. In the distribution file, the data in the FORM field are replaced with the data in the MOLF field, thus providing only the C5C115Hg type of formula. Old data were converted to the new form by a program.
There is a question of how to handle substances of non-stoichiometric composition. This question has become progressively important as NQRS data are increasingly reported for ceramic materials which become superconductive at high temperatures.
Chemical Names
Various chemical names are provided, systematic CAS and/or IUPAC nomenclature, common names, trade names, etc., when they appear in the original documents. These names were written all in capital letters in the original version of the database, but now lower-case letters are also used. Capital-letter data are generated from the new data by a program and retained in the archival file of the database. Inversely the old data that used only capital letters were converted to the new form also by a program. Symbols [ and ] have also been introduced. 
Polymorphic Modification
Crystal modifications are given in the MODF field as they are given in the original document.
Frequency Data
Besides nuclear mass number, temperature of measurement and resonance frequencies, the method of measurement has been added: C for continuous method, P for pulse method, M for NMR, X for unknown method. There is a disadvantage in representing a nuclear species in terms of a nuclear mass number, i.e. 64 Zn and 64 Ni cannot be distinguished merely by the mass number. While this is theoretically possible, it has never happened ( 64 Zn is a shortlived radioactive element and 64 Ni has an abundance of only 1.16%; both species do not have a quadrupole moment!).
Only published numerical data are included in the database. Those data that are reported only in the form of graphs are not taken into consideration at present. However, if quadrupole coupling values are reported with or without asymmetry parameter values, the fictitious resonance frequencies are calculated from them, in which case the REMK field is used to note the fact.
Author Names
As for chemical names, author names are now recorded both in capital letters only and in capital / lower-case letters. Old data in capital letters (archived in ATHR field) only were converted to the latter form by a program. However, the conversion is difficult algorithmically and a small number of author names in the older records may not have been correctly converted.
Journal Data
The field JRNL contains, as in the original version, CODEN, journal name, volume, issue, year of publication and first and last pages.
Keywords and Key phrases
There has been no change in the principles of selecting keywords but as science advances new keywords are being added.
Remarks
The REMK field allows the data analysts to write any additional information in natural language: They are encouraged to give specifically the method of preparing the specimen studied, the stability of the substance, and the use of special solvents like liquid crystals. Also quadrupole coupling constant and/or asymmetry parameters are recorded in this field. The format reporting these data has been standardized as in Figure 1 .
A record thus consists of 11 fields, FORM, MOLF, NAME, SUBS, MODF, FREQ, AUTH, ATHR, JRNL, KYWD, and REMK. The fields MOLF, SUBS, and ATHR, are contained only in the archival file. The rest is contained in the distribution file. The distribution file is in the card image format with 80 colums. The first card or line shows the total number of lines of that record including the last END line.
Database Updates
The archival file is continuously updated as new data appear in the literature whereas the distribution file is updated twice a year.
Literature is being surveyed regularly. The systematic survey is done by searching the CA File online on the STN International service by use of a specially developed search profile and original documents are collected which correspond to the relevant hits of the search. Securing the original documents is extremely important for accuracy and relevancy of the database but at the same time it is the hardest part of the work. When document delivery service of the university library network fails to supply us with a document, we ask the author for a reprint. Authors have always been cooperative in this regard and often send us additional information.
Original documents and data preparation sheets are sent out to members of the NQRS Data Committee for extracting and evaluating information. For the sake of uniformity of record content and quality, a detailed input manual is available. Evaluation of data is not always possible because a recent trend is that short communications in the form of Letters to the Editor are more common, which do not describe experimental details. Errors in frequency values (and quadrupole coupling constants) are not usually reported. In quite a few cases, a new paper deals with a substance for which NQRS data have already been published. This point will be treated in a later Section.
The data preparation sheets having been filled out, they are returned to the editorial office at Osaka University where the data are checked for consistency and input grammar. Some data are missing at times, e.g. the CAS Registry Number and CODEN of the journal, which are not easy to find. Keywords and keyphrases are added and remark notes are edited. Such checking is done on a personal computer by use of a series of programs as far as being practical. What is the most time-consuming part in the editorial process is duplicate detection/elimination and merging data on the same chemical substance.
IV. Some Statistical Figures
Here are some numbers relating to the whole database. These numbers reflect the research activities of this science worldwide.
1. Total number of records is 10,155 and the total number of lines is 153,044; therefore an average record has 15.07 lines (the minimum requirement is seven lines).
2. The largest record, #11434 for 1,3,5-Trinitrohexahydro-5-triazine (C 3 H 6 N 6 O e ), has a maximum of 70 lines.
3. There are 9,140 unique CAS Registry Numbers, but there are 471 records which lack Registry Number information. This means that 10% of substances have separate records because of the existence of polymorphic modifications.
4. The number of inorganic substances in the database is 2,777 and the number of organic substances is 7,378. The organic class includes organometallic compounds.
5. On the average, one record contains 1.57 chemical names. The record #3199 for 2-Thiouracil (C 4 H 4 N 2 OS) has a maximum of 8 synonyma.
6. 74 different nuclear species have been studies from 2 8. The total number of keywords is 40,740 including duplication. The number of keyphrases is 24,963. When a keyphrase, e.g. relaxation time, is adopted, it is broken down into words and "relaxation" and "time" are also taken as keywords.
9. The number of records which have REMK data is 5,125.
10. The number of records which have MODF data is 563.
11. The distribution of records over publication years is as follows. out mass number specified); Author Name; CODEN of journal; Publication Year; Keyword or Keyphrase and Record Number.
The searcher may use Boolean logic operators, OR, AND, and NOT between the answer sets. There are 8 different display formats to choose from.
Due to regulations from the Government, this online service cannot be made available outside the Japanese academic community. Therefore, the database has been licensed in the form of magnetic tapes or diskettes.
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VI. Duplication of Work

V. Online and Other Dissemination Services
The database was loaded as an online file at the Computer Center of Osaka University and has been in service to Japanese academic institutes since 1981. The search keys chosen were CAS Registry Number; Molecular Formula; Chemical Name; Frequency Range (with or withWhile building and updating the NQRS database, we encountered numerous cases in which research work was conducted apparently without knowledge about previously published results on the same substance. There also are papers published by the same author (or almost the same group of authors) in different journals, which deal with the same substance. Among these, some report improved measurements but the majority reports the same results as if it were a new investigation (no references to previous papers).
Such duplication is detected and comes to our attention only after we make cross-checking by use of the CAS Registry Number. The following figures are the results of updating operation during the past year. Therefore, 321 out of 1403 input, or 23%, were purely duplicated reports. To avoid wasting resources, the NQRS Database is useful and can help identifying the previously published data by inputting the CAS Registry Number, Molecular formula, or chemical names before making measurements or even before planning an investigation. 
Database and Searchable Elements
The following data elements were chosen as the searchable items; CAS Registry Number, Molecular Formula, Substance Name, NQR Frequency, Author Name, CODEN, Publication Year, and Keyword.
Method
Outline
In order to reduce the searching load, the 8 index files (IDF) corresponding to the search items are extracted from the DB by the respective preprocessors. The IDF stores the search items (e.g. Author Name) and their corresponding record numbers (RNs) which point to the address of the items on the DB. Searching begins by entering a search key (e.g. Smith, J.A.S.). When the system receives the query key from the keyboard, it sets a search number (SET No) at first. Then the system begins to search the key term on the IDF (Author index file in this case) and writes the RNs of the hit item(s) into the user's work file. The RNs thus obtained are sorted in the ascending order and duplicating numbers are eliminated. The set of such RNs is stored in the array whose top address is pointed at by the pointer which is referred to as SET No. The system finally displays the total number of hits on the screen.
Index Files
The searching time depends on the search algorithm and the IDF format. We decided on the search method to be used, judging from the property of the search element and the number of the relevant RNs. The structure of the index file will be explained briefly.
With regard to the Substance Name Index, the record length of the file is normalized to that of the longest name. Three kinds of truncations, i.e. righthand, left-hand, and both-hand truncations) were made possible in a query for the Substance Name. When users access to this IDF, most of them will try both hands truncation. In such a case, the total number of hits can be very large. Therefore, it is proper that the IDF is sorted in the ascending order of RN and linear searching is adopted as the algorithm because the system can save time for sorting such a large number of RNs after having searched the key name. Indexes of CODEN and YEAR were made in the same way.
Binary search was adopted as the algorithm of searching the Registry Number and Molecular Formula elements.
There may be many RNs corresponding to one author name. This element of the IDF is sorted in two directions, that is, the Author Names are sorted in alphabetical order (vertically) and the RNs are sorted in the horizontal direction for each Author Name. The top position of each Author Name is found using binary In the case of frequency data, users must specify the nuclear mass number (N) and the range of frequencies (the lowest one, Fl and the heighest, F2). The searching proceeds as follows: (i) The system first finds the top address (by N) of the memory region at which the target nuclear data are stored, (ii) It then moves the file pointer to that address, (iii) The system judges whether the datum lies between Fl and F2 or not by comparing the top of the frequency data with Fl and/ or F2. (iv) If the judgment was negative, it continues to compare Fl and/or F2 with the frequency data which have been sorted in the descending order one by one until getting a positive answer in the judgment. To do the above procedure efficiently, a special format of index file was devised. The first 11 lines of the IDF record all the top addresses of memory blocks, each storing data of a nuclear species like in the following: 2;11 7;617 8;673 9;675 10;679 11;695.
This means that the frequency data of D (mass number 2) starts at the (11 + l)-th line.
Search Functions
Standard capabilities of search software have been incorporated in the PC edition, i.e. Boolean logic operators between hit sets, truncations, opening/closing of a history file, pre-formated display options etc. The flow-chart of the search function is illustrated in Figure 2 .
Loading
The whole PC^SEARCH system (size of ca. 14 Mb) was compressed and changed to the auto-decompressing file, NQRS. EXE, by using an archiver program, LHarc. EXE [2] , NQRS. EXE file (size of ca. 2.5 Mb) was stored in 4 sheets of 2 DD mini-floppy disks using a DOS command, BACKUP. SETUP command creates a directory, <NQR>, in the hard disk drive specified by the user, re-stores NQRS. EXE in the <NQR>, and executes NQRS. EXE to expand all the files into the PCJSEARCH system of the original size. 
